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(57) Une composition liquidc durcissable par 
rayonnemcnt qui. cn plus d'un constituant liquide 
polymerisable par polymerisation radicalaire. comprend 
au moins Ics constituents additionnels suivants : (A) de 
40 a SO % en poids d'une resinc epoxy liquide 
difonctionnelle ou de fonctionnalite plus elevee ou un 
melange liquide constitue de resines epoxy 
bifonctionnelles ou de fonctionnalite plus elevee; (B) de 
0,1 a 10 % en poids d'un photoinitiateur cationique ou 
d'un melange de photoinitiateurs cationiques; et (C) de 
0,1 a 10 % en poids d'un photoinitiateur de radicaux 
libres ou d'un melange de photoinitiateurs de radicaux 
Ubres; et (D) jusqu'a 40 % en poids d'un compose 
hydroxy; dans cette composition le constituant (D) est 
choisi parmi Ie groupe constitue : (Dl) de composes 
phenoliques portant au moins 2 groupes hydroxy le, (D2) 
de composes phenoliques portant au moins 2 groupes 
hydroxy le, que I'on fait reagir avec de l'oxyde 
d'ethylene. de l'oxyde de propylene ou avec de l'oxyde 
d'ethylene et de l'oxyde de propylene, (D3) de composes 
hydroxy aliphatiques n'ayant pas plus de 80 atonies de 
carbone, (D4) de composes portant au moins un groupe 
hydroxy le et au moins un groupe epoxy de, et (D5) d'un 
melange d'au moins 2 des composes (Dl) a (D4). et le 
constituant (D) est present dans la composition dans une 
quantite d'au moins 2 % en poids; le constituant 
polymerisable par polymerisation radicalaire comprend 
au moins (E) de 4 A 30 % en poids d'au moins un 
poly(metb)acrylate liquide portant une fraction 
(meth)acrylate superieure a 2, et au moins un des 
constituents (A) et (D> comprend des substances dont la 
molecule contient des noyaux carbones aromatiques; 
cette composition convient tout particulierement a la 
stereolithographie; une caracteristique particuliere de 
cette composition tient au fait qu'elle donne une matiere 
durcie qui n'absorbe que tres peu l'eau. 



(57) A liquid, radiation-curable composition which in 
addition to a liquid, free-radically p olymerizable^ 
component com prises at least the following additional 
components: (A) from 40 to 80 % by weight of a liquid 
difunctional or more hi ghl y tuncuonal e rx>xyjresin or of 
a liquid mixture consisting of difunctional or more_ 
highly functional epoxy resins; (B) from 0.1 to 10% by 
weight of a cationic photoinitiator or of a mixture of 
cationic photoinitiators; and (C) from 0.1 to 10% by 
weight of a free-radical photoinitiator or of a mixture of 
free-radical photoinitiators; and (D) up to 40% by 
wei ght of a hydroxy compound, in w hich composition 
component 0) is selected from the group consisting of. 
(Dl) phenolic compounds havin g at least 2^h ydroxyl 
groups. (D2) phenolic compounds having at least 
2 hydroxy 1 groups, which are reacted with ethylene 
oxide propylene oxide or with ethylene oxide and 
propylene oxide. (D3) aliphatic hydroxy compounds 
having not more than 80 carbon alomsUQAXc^nrJounds 
having at least one hydroxy 1 gro up and at least 
"one epoxide group, and (lb) a mixture oi at least 2 of the 
compounds mentioned under (Dl) to (D4). and 
component (D) is present in the compositions in a 
quantity of at least 2% by weight; the free-radically^ 
potymerizablc component comprises at least (E) from 4 
to 30% by weight of at least one liquid 
po!y(mcth)acry!ate having a (meth)acrylate functionality 
of more than 2; and at least one of components (A) and 
(D) comprises substances which have aromatic carbon 
rings in their molecule, is particularly suitable for 
stereoUthography. a particular feature of this 
composition being that it leads to cured material which 
exhibits only a very low propensity for uptake of water. 
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Abstract 



A liquid, radiation-curable composition which in addition to a liquid, free-radically 
ptfymerizable component comprises at least the following additional components: 

(A) from 40 to 80 per cent by weight of a liquid cfifunctional or more highly functional epoxy 
resin or of a liquid mixture consisting of tffuncticnal or more highly functional epoxy resins; 

(B) from 0. 1 to 10 per cent by weight of a catlonfc photolnWator or of a mixture of cationic 
photoinitfators; and 

(C) from 0.1 to 10 per cent by weight of a free-radical photoinitiator or of a mixture of free- 
radical photoinffiators; and 

(D) up to 40 per cent by weight of a hydroxy compound, 
. in which composition 

component (D) is selected from the group consisting of: 

(D1 ) phenolic compounds having at feast 2 hydroxyl groups, 

(02) phenolic compounds having at least 2 hydroxyl groups, which are reacted with 

ethylene oxide, proplyene oxide or with ethylene oxide and propylene oxide, 
<D3) aliphatic hydroxy compounds having not more than 80 carbon atoms, 
<D4) compounds having at least one hydroxyl group and at least one epoxide group, 
and 

(D5) a mixture of at least 2 of the compounds mentioned under (D1) to (D4), 
and component (D) is present in the compositions in a quantity of at least 2 per cent by 
weight; 

the free-radically polymerizable component comprises at least 

(E) from 4 to 30 per cent by weight of at least one liquid pory(meth)aciylate 

having a (meth)acrylate functionality of more than 2; and 

at least one of components (A) and (D) comprises substances which have aromatic carbon 
rings in their molecule, is particularly suitable for stereolithography, a particular feature at 
(his composition being that it leads to cured material which exhibits only a very low 
propensity for uptake of water. 



AT/K-2Q981/A 



CA 02211628 1997-07-23 



- 1 - 

Liquid, radiat ion-curable composition. esnftciaUv for gteredtmograprtv, 

The present Invention relates to a liquid, radiation-curable composition which Is particularly 
suitable for the production of three-dimensional shaped articles by means of 
stereolithography, to a process for the production of a cured product and, In particular, for 
the stereolithographic production of a three-dimensional shaped article from this 
composition. 

The production of three-dimensional articles of complex shape by means of 
stereolithography has been known for a relatively long time. In this technique the desired 
shaped article is built up from a Dquld, radiation-curable composition with the aid of a 
recurring, alternating sequence of two steps (a) and (b); in step (a), a layer of the liquid, 
radiation-curable composition, one boundary of which Is the surface of the composition, Is 
cured with the aid of appropriate radiation, generally radiation produced by a preferably 
computer-controlled laser source, within a surface region which corresponds to the desired 
cross-sectional area of the sheped erode to be formed, at the height of this layer, and in 
step (b) the cured layer Is covered with a new layer of the liquid, radiation-curable 
composition, and the sequence of steps (a) and (b) is repeated until a so-called green 
model of the desired shape is finished. This green model Is, In general, not yet fully cured 
and must therefore, normally, be subjected to post-curing. 

The mechanical strength of the green model (modulus of elasticity, fracture strength), also 
referred to as green strength, constitutes an important property of the green model and is 
determined essentially by the nature of the stereolithographic-resin composition employed. 
Other important properties of a stereotithographlc-resln composition include a high 
sensttivtty for the radiation employed tn the course of curing and a minimum curl factor, 
permitting high shape definition of the green model. In addition, for example, the procured 
material layers should be readily wettabie by the liquid stereoltthographic-resin composition, 
and of course not only the green model but also the ultimately cured shaped article should 
have optimum mechanical properties. 

Liquid, radiation-curable compositions for stereomhography which meet the 
abovementioned requirements are described, for example, in EP-A-0 605 361 . These 
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compositions are soiled hybrid systems, comprising free^adicany and cynically 
Photopcymerizabte components. In addition to the liquid. free-radicaliy polymeria 
component, these compositions comprise at least 

(A) horn 40 to 80 per cam by weigh, of a liquid clonal or more fUgrdy funcaona, epoxy 

Tula 1 ^n COn8,SBn9 " <mm *° nal ~ mwe hlah * "~ ^ 

10 * °f a cadomc photoininator or o, a rr^re of catJonlc 

photolnltlators; and c 

(Cjfromo.1 .o 1 0 per cent by weight of a free-radical photoinftiato, or of a mixture of free- 
radical photointtiators; and 

(D) up to 40 per cent by weight of a certain hydroxy compound. 

This hydroxy component (D) is selected from ma group consisting of OH-terminated 
Patters, polyesters and poryuremanes and Is present in me composite m a quantity of 
at , east 5 per can. by weight the free^dicany polymerize ccmponen. of said 
oomposrtions additionally comprises the following constituents- 

!m TIT 15 pwe " m PoWmethJacrylate having a 

(meth)acryla«e functtonailty of more than 2, and 

(F) from 5 to 40 per cent by weight of at least one liquW cyctoaliphaBc or aromatic 
diacrylate, 

the content of component (E) being not more than SO per cent by weight of the 

entire (meth)acrylate content. 

exhibit a relatively high water uptake, which Is undesirable in many cases. One object of the 
~' ,WOre - — hyhrid systems such tha, the water uZ 

of a shaped artde produced using them is decreased. At the same time, the other 
Partes important for stereography, for exarr^ter^ proper^ a^eadyrnemtoned 
above, should at leas, substantially be retained. /""rraonea 

IT^kT inV9nB0n ml80hieC " 8 80W ~- * *° l»ov«on of a liquid, 
rad-a^rabie composition comprising in addHlon to a liquid, free^dicairy po^rizabie 
component a. least me following additional componem,- V Porymerrzable 
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(A) from 40 to 80 per cent by weight of a liquid dlfunctlonaJ or more highly functional epoxy 
resin or of a liquid mixture consisting of afunctional or more highly functional epoxy resins; 

(B) from 0.1 to 10 per cent by weight of a catkmic photoinitiator or of a mixture of cationic 
photoinitiatore; and 

(C) from 0.1 to 10 per cent by weight of a free-radical photoinitiator or of a mixture of free- 
radical photoJnltiators; and. In addition to the abovementioned components. 

(D) up to 40 per cent by weight of a hydroxy compound, 
in which composition 

component (D) is selected from the group consisting ot 

(D1 ) phenolic compounds having at least 2 hydroxy! groups, 

(D2) phenolic compounds having at least 2 hydroxy) groups, which are reacted with 

ethylene oxide, proplyene oxide or with ethylene oxide and propylene oxide. 
(D3) aliphatic hydroxy compounds having not more than 80 carbon atoms, 
(D4) compounds having at least one hydroxyl group and at least one epoxide group, 

and 

(D5) a mixture of at least 2 of the compounds mentioned under (01) to (D4), 
and component (D) is present in the compositions In a quantity of at least 2 per cent by 
weight; 

the free-radically potymerizable component comprises at least 

(E) from 4 to 30 per cent by weight of at least one liquid poly(meth)acrylate 
having a (meth)acrylate functionality of more than 2; and 

at least one of components (A) and (D) comprises substances which have aromatic carbon 
rings in their molecule. 

As an optional additional component, the novel composition may additionally, in particular, 
comprise 

(F) one or more di(meth)acrylates. preferably in a quantity of from 5 to 40 per cent by 
weight. 

< ^ The epoxy resin s^rich may be uced in the novel compositions are expediently resins 
which are liquid at room temperature and which on average possess more than one 
epoxide group (oxirane ring) In the molecule. Such resins may have an aliphatic, aromatic, 
cydoallphatic, a raliphatic o r heterocyclic s tructure; they contain epoxide groups as side 
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groups. or these groups form part of an aticydic or heterocyclic ring system. Epoxy resins of 
these types are known tn general terms and are commercially available. 

Polyglyddyl esters and poty((i-fnethylglycidy1) esters are one example of suitable epoxy 
resins. They are obtainable by reacting a compound having at least two carboxyt groups In 
the molecule with epichlorohydrin or glycerol dicrtlorohydrtn or p^ethyleplchlofohydrtn. The 
reaction is expediently carried out in the presence of bases. The compounds having at least 
two carboxyl groups In the molecule can in this case be, for example, aliphatic 
pofycarboxyCc acids, such as glutaric add, adipic add, ptmetic acid, suberic acid, azelalc 
add, sebadc add or dlmerized or trimerized linolefc add. Likewise, however, it is ateo 
possible to employ cyctoaltphatic potycarboxyiic acids, for example tetrahydrophthalic add, 
4-methyltetrahydrophthatic add, hexahydrophthallc add or 4-methyihexahydrophthaRc add. 
It is also possible to use aromatic pofycarboxylic adds such as, for example, phthaiic add, 
isophthafic add, trimellltic add or pyromellitic add, or else carboxyt-terminated adducts, for 
example of trimellitlc add and polyols, for example glycerol or 
2,2-bis(4-hydroxycyclohexyt)propane, can be used. 

Polyglyddyl ethers or polyO-methylgryddyl) ethers obtainable by reacting a compound 
having at feast two free alcoholic hydroxy! groups and/or phenolic hydroxy! groups with a 
suitably substituted epichtorohydrin under alkaline conditions or In the presence of an addic 
catalyst followed by alkali treatment can likewise be used. Ethers of this type are derived, 
for example, from acyclic alcohols, such as ethylene glycol, diethylene glycol and higher 
poly{oxyethy!ene) glycols, propane-1 ,2-diol, or pory(oxypropylene) glycols, propane-1 ,3-dlol, 
butane- 1,4-dioi. poly(oxytetramethytene) glycols, perrtane-1 r 5-dIol, hexane-1 ,6-dtol, hexane- 
2.4.6-triol, glycerol, 1 ,1 ,1-trimethylolpropane. btetrirnethyldpropane, pentaefythritol, sorbitol, 
and from potyepichlorohydrins. Suitable gtyddyl ethers can also be obtained, however, from 
cydoaJiphatic alcohols, such as 1 ,3- or 1 ,4-dJhydroxycydohexane, bte(4-nydroxycydo- 
hexyl)methane, 2^-bis(4-hydroxycydortexyl) propane or 1,1-bis(hydroxymethyl)cyclohex- 
3-eno, or they possess aromatic rings, such as N,N-bte(2-hydroxyethyf)anfflrte or 
p.p'-bis(2-hydroxyothytamino)diphenylmethane . 

Particularly important representatives of polyglyddyl ethers or polyt^memytgtycldyl) ethers 
are based on phenols; either on monocytic phenols, for example on resordnol or 
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hydroquinone, or on potycyclic phenols, for example on bls(4-hydroxyphenyl)rnethane 
(bisphenot F), 2 ( 2-Ws(4-hydroxyphenyl)propane (blsphenol A), or on condensation products, 
obtained under addle conditions, of phenols or cresols with formaldehyde, such as phenol 
novotaks and cresol novolaks. These compounds are particularly preferred as epoxy resins 
for the present invention, especially diglyddyl ethers baaed on blsphenol A and blsphenol F 
and mixtures thereof. 

Poly(N-glyddyO compounds are likewise suitable for the purposes of the present Invention 
and are obtainable, for example, by dehydrochlorinatlon of the reaction products of 
epichlorohydrin whh amines containing at least two amine hydrogen atoms. These amines 
may, for example, be n-butytamlne, aniline, toluldlne. m-xytyfenedlamine. 
bis(4-amlnophenyl)methane or bis(4-rnethylamlnopheny1)methane. However, other 
examples of potytN-gjycfdyl) compounds include N.N'-diglyddyi derivatives of 
cydoalkyleneureas, such as ethyleneurea or 1,3-propyleneurea, and N.N'-digtyddyl 
derivatives of hydantoins, such as of 5,5-dlmethyihydantoin. 

Poly(S-gtyclcryl) compounds are also suitable for component (A) of the novel compositions, 
examples being dl-S-gfyctdyt derivatives derived from dithiols, for example ethane- 1 ,2-dithiol 
or bls(4-mercaptomothyt phenyl) ether. 



Examples, of epoxide compounds m which the epoxide groups form part of a naHcydicor 



heterocyclic ring system Include bls(2,3-epoxycyctopentyl) ether, 2,3-epoxycydopentyl 
glyddyl ether, 1 ^4>is(2,3^poxy cy^pjejntyjgxy)ethane, bis(4 ^vdroxvcvdohe wl)methane 
diglyddyl ether. 2,2^is(44iydroxycydohexy1)prop^e^igtycklyl ether, 3,4-epoxycydohexyl- 
methyl 3 A-^xvcydohaxanacartHiicvlata. 3 ,4-epow^^ethyl-cv dohflxylmathYl 3 4-<moxv- 
6^ethylcyctohexanecarboxytete. di(3,4-epoxycydohexylmethy1) hexanedloate, 
riif^-^KY^methylcyctartaxylmetrivn hexanedloate, ethylenebte(3,4-epoxycydc^wxane- 
carboxyiate, ethanediol dl(3.4-epoxycydonexy1 methyl) ether ^nylcydohexene dlorideT^ 
dlcydopentadlene diepoxide or 2K3.^poxycyck^exyl-5,5^pin>^,4^poxy)cydohexane 
1 .3-dioxane. 





However, it is also possible to employ epoxy resins In which the 1 ^-epoxide groups are 
attached to different heteroatoms or functional groups. Examples of these compounds 
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incfude the N.N.O-trtgfycidyl derivative of 4-aminophenol, the glycidyl ether/gfydoyl ester of 
salicylic add, rHJlycioVWK2-^dy1^ ^ 

1 ,3-Ws(5,5-dlrnethvl-1 -gfycidyihydantoin-3-yOpropane. 

Also conceivable Is the use of liquid prereacted adducts of epoxy resins, such as those 
mentioned above, with hardeners for epoxy resins. 

It is of course also possible to use liquid mixtures of epoxy resins in the novel compositions. 

As component (B) of the novel compositions it is possible to employ a host of known and 
industrially tried and tested catfonic photoinitiators for epoxy resins. Examples of these are 
onium salts with anions of weak nudeophiiictty. Examples thereof are halonfum salts, 
iodosyl salts or suffonhim salts, as are described In EP-A-0 1 S3 904. suKoxonlum salts, as 
described for example in EP-A-0 035 989, EP-A-0 044 274. EP-A-0 054 509 and in 
EP-A-0 1 64 314. or diazonium salts, as described for example in US-A-3.708.286. Other 
cationlc photolnftiators are metaflocene salts, as described for example in EP-A-0 094 914 
and in EP-A-0 094 915. 

An overview of further commonplace onium salt Initiators and/or metaltocene salts is offered 
by -UV-Curin S , Science and Technology, (Editor S.P. Pappas. Technology Marketing 
Corp., 642 Westover Road. Stanford. Connecticut. USA) or 'Chemistry & Technology of UV 
& EB Formulations for Coatings, Inks & Paints", Vol. 3 (edited by P. K. T. Ofdring). 

Preferred compositions are those comprising as component (B) a compound of the formula 
(B-l), (B-ll) or(B-lll) 



f » ] + 



(B-l), 



(B-ll), 

A* 
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A" (B-lll), 



In which Rib. Ras. Ran. FUe, Rsa. R«8. and Rtb independently of one another are CVdaaryi 
which is unsubstttuted or substituted by appropriate radicals, and 
A" is CF3SO3* or an anion of the formula {LOmeF. where 
L is boron, phosphorus, arsenic or antimony, 

Q is a halogen atom, or some of the radicals Q in an anion LQm* may also be hydroxy! 
groups, and 

mB Is an integer corresponding to the valency of L enlarged by 1 . 

Examples of Ce-Ctsaryl in this context are phenyl, naphthyf, anthryl and phenanthryl. In 
these substituents present for appropriate radicals are atkyl, preferably Ci-Cealkyl. such as 
methyl, ethyl, n-propyl. tsopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl or the various pentyl 
or hexyl isomers, alkoxy, preferably d-Ceatkoxy, such as methoxy. ethoxy, propoxy, butoxy, 
pentoxy or hexoxy, alkylthio, preferably d-Cealkytthlo. such as methytthio, ethylthio, 
propylthio, butytthio, pentylthio or hexytthlo, halogen, such as fluorine, chlorine, bromine or 
iodine, amino groups, cyano groups, nttro groups or arytthlo, such as phenytthio. Examples 
of preferred halogen atoms Q are chlorine and, in particular, fluorine. Preferred anions LQniB 
are BF 4 *, PF 6 ', AsF a \ SbF a * and SbF^OH)". 

Particularly preferred compositions are those comprising as component (8) a compound of 
the formula (B-lll), In which R a , Rob and are aryl, aryl being In particular phenyl or 
blphenyl or mixtures of these two groups. 

Further preferred compositions are those comprising as component (B) a compound of the 
formula (B-IV) 




in which 



cB is 1 or 2, 
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dB is 1.2, 3. 4 or 5. 

Xa is a non-nudeophillc anion, especially PF«\ AsF«\ SbF^*. CFaSCV. CaFsSCV, n- 

C^FtSOs*. n-^FtSQs'. n-CoFiaSCV and n-CsF^SQ,. 
Raa Is a it-arene end 

Rob te an anion of a ic-arene, ospedalfy a cydopentadlenyi anion. 

Examples of n-arenes as Ras and anions of rc-arenes as R«e can be found in 
EP-A-0 094 915. Examples of preferred tt-arenes as Rm are toluene, xylene, ethylbenzene, 
cumene, methoxybenzene, methytnaphtnalene, pyrene. perylene, stllbene, dlphenylene 
oxide and dlphenylene sulfide- Cumene. methylnaphthalene or stilbene are particularly 
preferred. Examples of non-nudeophillc anions XT are FSOs". anions of organic sulfonic 
adds, of carboxylic acid 8 or of anions LOms'. Preferred anions are dtrtved from partially 
fluoro- or perfluoro-aliphatic or partially fluoro- or perfluoro-aromatlc catboxyllc acids such 
as CFsSOa*. CjFeSOa". n-CsFySOs*. rKUFaSCV, n-CsFtaSOy , n-C 6 r i7 SCh' . or in particular 
from partially fluoro- or perfluoro-aliphatic or partially fluoro- or perfluoro-aromatic organic 
sulfonic adds, for example from CeFsSQs'. or preferably are anions LCW, such as BF 4 , 
PF B *. AsF 6 " . SbF e *. and SbFs(OH)\ Preference is given to PF fl \ AsF 6 \ SbF e \ CFsSOV, 
CzFsSOs", n-CsFySOs*. n-C^FsSOs", n-C«F 1s SGy and n-CaFiTSOa". 

The metallocene salts can also be employed In combination with oxidizing agents. Such 
combinations are described In EP-A-0 126 712. 

In order to increase the light yield it is possible, depending on the type of initiator, also to 
employ sensitizers. Examples of these are polycydic aromatic hydrocarbons or aromatic 
keto compounds. Specific examples of preferred sensitizers are mentioned in 
EP-A-0 153 904. 

In the novel composition it is possible as component (C) to employ all types of 
photoinitiators which form free radicals given the appropriate Irradiation. Typical 
representatives of free-radical photolnltJators are benzoins, such as benzoin, benzoin 
ethers, such as benzoin methyl ether, benzoin ethyl ether and benzoin isopropyl ether, 
benzoin phenyl ether and benzoin acetate, acetophenones, such as acetophenone, 2.2- 
dimethoxy-acetophenone and 1,1-dichloroacetophenone. benzil. benzil ketals, such as 
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benzil dimethytketal and benzil diethyl ketat, anthraquinonos, such as 2- 
rnethylanthraqulnone, 2-ethylanthra-quinone, 2-tert-butylanthraquinone, 1- 
chloroanthraquinone and 2-amylanthraquinone, and also triphenylphosphine, 
benzoyl phosphlne oxides, for example 2,4,6-trimethyCbenzoyl-diphenylphosphlne oxide 
(Luzirin* TPO), Wsacvtphosphine oxides, benzophenones, such as benzophenone and 4,4'- 
bis<N,N'-dimethyiamino)benzophenone, thloxanthones and xanthones, acridine derivatives, 
phenazine derivatives, qulnoxaJIne derivatives or 1-phenyM ,2-propanedione 2-O-benzoyt 
oxime, 1-aminophenyl ketones or 1 -hydroxy phenyl ketones, such as 1 -hydroxy cydohexyl 
phenyl ketone, phenyl 1-hydroxyteopropyl ketone and 4-isopropylphenyl 1-hydroxyisopropyl 
ketone, all of which constitute known compounds. 

Particularly suitable free-radical photoin Waters which are used customarily In combination 
with an He/Cd laser as light source are acetophenones, such as 2,2- 
dlalkoxybenzophenones and 1 -hydroxy phenyl ketones, for example 1-hydroxycyclohexyl 
phenyl ketone or 2-hydroxy-lsopropyl phenyl ketone <=2-hydroxy-2,2- 
dimethylacetophenone), but especially 1 -hydroxy-cydohexyl phenyl ketone. 

A class of photoinftlatore (C) which Is commonly employed when using argon ion lasers 
comprises the benzil ketals, for example benzfl dimethyl ketal. In particular, the 
photoinitiator used is. an a-hydroxy phenyl ketone, benzfl dimethyl ketal or 2,4,6- 
trimetrtytbenzoyldfphenyl-phosphlne oxide. 

A further class of suitable photofnftiators (C) is constituted by the ionic dye-counterion 
compounds, which are capable of absorbing actinic radiation and of generating free radicals 
which are able to Initiate the polymerization of the acrytates. The novel compositions 
containing ionic dye-counterion compounds can In this way be cured more variably with 
visible light in an adjustable wavelength range of 400-700 nm. Ionic dye-counterion 
compounds and their mode of action are known, for example from EP-A-0 223 587 and US 
Patents 4,751 ,102. 4,772,530 and 4,772,541 . Examples of suitable Ionic dye-counterion 
compounds are the anionic dye-lodontum Ion complexes, the anionic dye-pyryttium ion 
complexes and, In particular, the cationtc dye-borate anion compounds of the fallowing 
formula 
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«2C 



R, 



in which D c * is a cattonic dye and Ric Rac, Rx and R« independently of one another are 
each an alkyl, aryl, alkaryl, ally', araikyl, alkenyl, alkynyl, an alicyctic or saturated or 
unsaturated heterocyclic group. Preferred definitions for the radicals R, c U FUc can be 
taken for example, from 223 587. 

As photoinitiator (C) the novel compositions preferably include a 1 -hydroxy phenyl ketone, 
especially 1-hydroxycyctohexyl phenyl ketone. 

The photoinitlators (B) and (C) are added In effective quantities, i.e. in quantities from 0.1 to 
10, particularly from 0.5 to 5 per cent by weight, based on the overall quantity of the 
composition, if the novel compositions are used for stereofithographic processes, in which 
laser beams are normally employed, it is essential for the absorption capacity of the 
composition to be matched, by way of the type and concentration of the photoinitlators, in 
such a way that the depth of curing at normal laser rate is from approximately 0.1 to 2.5 
mm. The overall quantity of photoinftiators in the novel compositions is preferably between 
0.5 and 6 per cent by weight 

The novel mixtures may also contain various photoinitlators of different sensitivity to 
radiation of emission lines with different wavelengths. What is achieved by this is. for 
example, a better utilization of a UV/V1S flght source which emits emission lines of different 
wavelengths. In this context It is advantageous for the various photoinittators to be selected 
such, and employed in a concentration such, that equal optical absorption Is produced with 
the emission lines used. 



The novel compositions preferably comprise component (D) in a quantity of at least 5 per 
cent by weight, in particular at least 10 per cent by weight, based on the overall quantity of 
components (A), 'B)> (C). <D) and (E). 
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Component (D) of the novel compositions is preferably from the group consisting of 
(01) the dlhydroxybenzenes, trihydroxybenzenes and the compounds of the 



formula (D-l): 




in which Rio and Ra> are a hydrogen atom or a methyl group; 
(D2) the compounds of the formula (OH): 




in which R10 and R» are each a hydrogen atom or a methyl group; 
Rao and R<o are all, independently of one another, a hydrogen atom or a 
methyl group, and 

xD and yD are each an integer from 1 to 15; 
(D3) trimethylolpropane, glycerol, castor oil and the compounds of the 
formula (D-tlt) and (D-IV): 



[HOkrRso (D-IM). 




(D-IV), 



in which R50 is an unb ranched or branched (zD)-valent Cr-Caalkane residue, 
preferably a (zD)-vaIent Ca-Coalkane residue, 

all radicals R«o, independently of one another, are a hydrogen atom or a methyl 
group, 

zO is an integer from 1 to 4 and 
vD Is an Integer from 2 to 20; and also 
(D4) the compounds of the formulae (D-V). (D-Vl). (D-VII), (D-VM) (D-IX) and (D-X): 
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Rao (D-V), rO. I 




Rbd (D-VI), 




(CrC»aIkyI)-RaD (D-VII), rW(C 3 <^lkylene)-R 80 (O-Vill), 
(CWX). -^K^R^ (D-X), 

tn which Rto, Reo and R 100 we each a hydrogen atom or a methyl group and 
each Rso is a group selected from the groups of the formulae (D-XI), (D-XII), 
(D-Xlll) and (O-XIV): 

CH, 



(D-XII), 



The compounds of the above formulae (CM). (D-||), <d-V). (D-VI) and (D-IX) are preferably 
the respective 1 ,4 derivatives or bis-1 ,4 derivatives. 

The compounds of the formulae (D-l) to (D-X) and methods for their preparation are known 
to the person skilled in the art. 

Component (D) of the novel compositions preferably consists of (D2) phenolic compounds 
having at least 2 hydroxy! groups which are reacted with ethylene oxide, propylene oxide or 
with ethylene oxide and propylene oxide, and especially of the compounds of the formula 
(D-lla): 
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fn which R, D and R20 are both a hydrogen atom or both a methyl group; 

Rao and R, D are ail. Independently of one another, each a hydrogen atom or a methyl group, 

and 

xO and yO are each an integer from 1 to 15. 

The liquid poty(rneth)acrytates having a (metWacrytate functionality of more than two which 
are used in the novel compositions as component (E) may, for example, be tri-. tetra- or 
pentafunctional monomeric or ollgomertc aHphattc. cydoaBphatlc or aromatic acrytates or 
methacrylates. The compounds preferably have a molecular weight of from 200 to 500. 

Examples of suitable aliphatic potyfunctional (meth)acrytates are the triacrylates and 
trimethacrytates of hexane-2,4,6-triol, glycerol or 1 ,1 ,1 -trimethytoJ propane, ethoxylated or 
propoxylated glycerol or 1 J,1-trimethyto4propane, and the hydroxyt-containlng 
tri(metfi)acrytates which are obtained by reacting triepoxkte compounds, for example the 
triglyddyl ethers of said triola, with (meth)acryfic add. It is also possible to use. for example, 
pentaerythrttoi tetraacrytate, bistrtmethylofpropane tetraacrylate, pentaerythritol 
monohydroxytriacrylate or -methacrylate, or dlpent&erythritol mortohydroxyperrtaaciytate or 
-rnothacrytate. 

It is additionally possible, for example, to use polyfunctions! urethane acrylates or urethane 
methacrylates. These urethane (meth)acrylatss are known to the peron skilled in the art 
and can be prepared in a known manner by, for example, reacting a hydroxyMerm inated 
potyurethane with acrytc acid or methacrylic add, or by reacting en Isocyanate-terrntnated 
prepolymer with hydroxyalkyl (meth)acrylates to give the urethane (meth)acrytate. 
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Examptes of suitable aromatic tr^meth)acryiates are the reaction products of trigtyctdyl 
ethers of trihydric phenols and phenol or cresol novolaks eorttalnfng three hydroxy! groups, 
with (meth)acryttc add. 

The (meth)acrytates employed as component (E) are known compounds and some are 
commercially available, for example from the SARTOMER Company under product 
designations such as SR*295, SFT350, SR*351, SR*387. SR*399. SR*444, SR # 454 or 
SR*9041. 

Preferred compositions are those In which component (E) is a tri(meth)acrytate or a 
penta(meth)acrylate. 

Suitable examples of the (fi(meth)acrylate component (F) are the di(meth)acrylates of 
cydoatiphatic or aromatic dtois such as 1 ,4-cfihydfoxyni8lhylcyctohexar>e I 2£-bls(4-hydroxy- 
cyclohexyl)propane, bis(4-hydroxycyc»oh9xyf)methane, hydroqulnone. 4 t 4'-dthydroxybi- 
phenyt, btsphenol A, bisphenot F, bisphenol S, ethoxylated or propoxytated bisphenol A, 
ethoxylated or propoxylated bisphenol F or ethoxylated or propoxytated bisphenol S. 
Df(meth)acrytates of this kind are known and some are commerciaJly available. 

Other dl(meth)acrylates which can be employed are compounds of the formulae (F-l), (F-ll), 
(F-lll) or(F-IV) 
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inwtiich 

Rif is a hydrogen atom or methyl. 

Y F is a direct bond. C f -C«ancylene, -S-, -O-, -SO-, -SOa- or -CO-, 

R2F tea C-Calkyl group, a phenyl group which is unaubstttuted or substituted by one or 

more Cj-dolkyl groups, hydroxyl groups or halogen atoms, or is a radical of the 

formula -CH2-OR3F in which 
Rsf is a Ct-Caatky) group or phenyl group, and 
Af is a radical selected from the radicals of the formulae 

.cc-cooc 



Further examples of possible dl(meth)acrytates are compounds of the formulae (F-V), (F- 
VI). (F-VII) and (F-VIII) 
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These compounds of the formulae (F-l) to (F-VIH) are known and some am commercially 
available. Their preparation is also described In EP-A-0 646 560. 

In many cases it is also expedient to add further constituents to the novel compositions, 
examples being customary additives, such as reactive diluents, for example propylene ' 
carbonate, propylene carbonate propenyl ether or lactones, stabilizers, for example, UV 
staWHzers, polymerization inhibitors, release agents, wetting agents, tevefflng agents 
sensitizers, antisettHng agents, surface-active agents, dyes, pigments or fillers. Each of 
these is employed in a quantity effective for the desired purpose, and together they make 
up preferably up to 20 per cent by weight of the novel compositions. Fillers in particular, 
however, may also be sensibly employed in greater quantities, for example in quantities of 
up to 75 percent by weight 

Particularly preferred novel composWon^ are those In which both component (A) and 
component (D) comprise substances having aipjMacjaibonj^ in their molecule. In such 
composmons ' component (A) preferably contains one or more aromatic gfycMyl ethers, 
especially dtgtycJdyf ethers based on bisphenots. especially based on blsphenol A, 
bisphenol F, and mixtures of such digiyddyt ethers. 

Particularly Properties are had by novel compositions comprising : 
(A1) torn 20 to 60 per cent by wei^^ 
pofyglyddyl ether or of a liquid mlx^ 
functional porygtycidyl ethers; 
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(A2) from 0 to SO per cent by weight of an aliphatic of cydoallphatfc dHun ctional or more 
highly functional gtycidyl ether 

(B) from 0.1 to 10 per cent by weight of a cationtc photoinitJator or of a mixture of catJonic 
photolnftiators; and 

(C) from 0.1 to 10 per cent by weight of a free-radical photointtlator or of a mixture of free- 
radical photolnltJators; 

(D) from 5 to 40 per cent by weight of a phenolic compound having at least 2 hydroxy! 
groups and/or of a phenolic compound having at feast 2 hydroxy] groups which Is reacted 
with ethylene oxide, propylene oxide or with ethylene oxide and propylene oxide; 

(E) from 4 to 30 per cent by weight of at least one liquid poiy(m eth )acrylate having a 
(meth)acrytate functionality of more than 2, 

(F) from 0 to 20 per cent by weight of one or more dl(meth)acrytates and 

(G) from 0 to 10 per cent by weight of a reactive diluent. 

A further particularly preferredcoffiposjgg^ ccorolng to the invention comprises: 

(A) from 40 to 80 per cent by weight of an aliphatic and/or cydoaitphatic drfuncttonal or 
more hig hl y functional gtycidyl eth er or of a mixture of such resins: 

(B) 2 to 5 per cent by weight of a cationic photofnitiator or of a mixture of catfonlc 
photoinitiators. particularly of a suifonium type photoinitJator: 

(C) 0.5 to 2 per cent by weight of a free-radical photointtfator or of a mixture of free-radical 
photoinitiators, particularly of a 1 -hydroxy phenyl ketone; 

(D) from 1 0 to 20 per cent by weight of a phenoHc compound having at least 2 hydroxy) 
groups which Is reacted with ethylene oxide, with propylene oxide or with ethylene oxide 
and propylene oxide; 

(E) from 4 to 10 per cent by weight of at least one Oquid poty(rnem)acrytate having a 
(meth)acrylate functionality of more than 2, and 

(F) from 4 to 10 per cent by weight of one or more dl(meth)acrytates. 

The novel compositions can be prepared in a known manner by, for example, p remixing 
individual components and then mixing these premixes, or by mixing all of the components 
using customary devices, such as stirred vessels, In the absence of Ight and, if desired, at 
slightly elevated temperature. 
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The novel compositions can be polymerized by irradiation with aclinic tight for example by 
means of electron beams, X-rays, UV or VIS light, preferably with radiation in the 
wavelength range of 280-650 nm. Particularly suitable are laser beams of HeCd, argon or 
nitrogen and also metal vapour and NdYAG lasers. The person skilled in the art is aware 
that it Is necessary, for each chosen tight source, to select the appropriate photoinitiator 
and, if appropriate, to carry out sensitization. It has been recognized that the depth of 
penetration of the radiation into the composition to be polymerized, and also the operating 
rate, are directly proportional to the absorption coefficient and to the concentration of the 
photoinitiator. In stereoHthography It Is preferred to employ those pnotoinitiators which give 
rise to the highest number of forming free radicals or cattoroc particles and which enable the 
greatest depth of penetration of the radiation into the compositions which are to be 
polymerized. 

The Invention additionally relates to a method of producing a cured product, in which 
compositions as described above are treated with actinic radiation. For example, it is 
possible in this context to use the novel compositions as adhesives, as coaling 
compositions, as photoresists, for example as solder resists, or for rapid prototyping, but 
especially for stereofithography. When the novel mixtures are employed as coating 
compositions, the resulting coatings on wood, paper, metal, ceramic or other surfaces are 
clear and hard. The coating thickness may vary greatly and can for instance be from 
0.01 mm to about 1 mm. Using the novel mixtures ft is possible to produce reBef Images for 
printed circuits or printing plates directly by irradiation of the mixtures, for example by 
means of a computer-controtlod laser beam of appropriate wavelength or employing a 
photomask and an appropriate light source. 

One specific embodiment of the abovementioned method is a process for the 
stereotithographic production of a three-dimensional shaped article. In which the article ts 
built up from a novel composition with the aid of a repeating, alternating sequence of steps 
(a) and (b); in step (a), a layer of the composition, one boundary of which is the surface of 
the composition, is cured with the aid of appropriate radiation within a surface region which 
corresponds to the desired cross-sectional area of the three-dimensional article to be 
formed, at the height of this layer, and in step (b) the freshly cured layer Is covered with a 
new layer of the liquid, radiation-curable composition, this sequence of steps (a) and (b) 
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being repeated until an article having the desired shape is formed. In this process, the 
radiation source used Is preferably a laser beam, which with particular preference is 
computer-controlled. 

In general, the above-described Initial radiation curing, in the course of which the so-called 
green models are obtained which do not as yet exhibit adequate strength, Is followed then 
by the final curing of the shaped articles by heating anoVor further Irradiation. 

The term "Squid" in this appBcatlon Is to be equated with "liquid at room temperature' In the 
absence of any statement to the contrary, room temperature being understood as being, In 
general, a temperature between 5" and 40°C, preferably between 10* and 30 °C. 



Examples: 

The trade names of the components as Indicated in the examples below correspond to the 
chemical substances as defined In the following table. 



Tradename 


Chemical designation 


AraJdit QY 250 
AralcfflPY306 


blspherwl A digJvcidvl ether 
— — -btephenol F dkriyddyl etfw 


Aratdit CV 179^ 
AralditDY028 
AraJdit DY03G5 


3.4-epojivcvck^icvrmetr^ 3*.4'^oxvcvclohaxan^rboxvlate 
- birtanedlol tfaJvckfvl ether 
. Mmethytotoropahe triatvcleVI ether 


AraJdit DY 0396 
Cyracure UVI 6974 


<^cvok*axaiioclmemano) dtarvctoM ettiar 
mixture of (CiH a )S(C 8 H4)-S*(C»H a ) t SbFe and 
F^TC^WS^Q^C^I^fQ.HiWSbF. 


Irgacure 164 


l^ydroxvcvclotiexvl Phe^ 


Oiahol 320 
Dtenol2211 


oropoxylated blsDhenof A 


Sartomer SR 399 
Sartomer SR 9041 

Novacurs3700 
Sartomer SR 348 

PtaxJmonV773 
Sartomer SR 238 


ethoxvtated bteohenol A 

olpentaerythritol monortyatoxypentaactyfate 

L blsphenol A dtarvckM ether dlacrvtate 

dlmethacrvtate of emoxvtated bisDhenol a 

noopentvtalvool olmethacrvlate 

. hexaneolol dtacrytate 



The formulations indicated In the examples are prepared by mbdng the components, with a 
stirrer at 60°C, until a homogeneous composition is obtained. The physical data relating to 
the formulations are obtained as follows: 
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The viscosity of the liquid mixture is determined at 30°C using a BrookfieW 



viscometer. 



"me mechanical properties of the formulations are determined on three-dimensional 
specimens produced with the aid of an He/Cd or Ar/UV laser. 

The photosensitivity of the formulations Is determined on soiled window panes. In this 
determination, single-layer test specimens are produced using different laser energies, and 
the layer thicknesses obtained are measured. The plotting of the resulting layer thickness 
on a graph against the logarithm of the irradiation energy used gives a forking curve-. The 
slope of this curvP Is termed Dp (given in mm or mils). The energy value at which the curve 
passes through the x-exls is termed Ec (and is the energy at which gelling of the material 
still just takes place; cf. P. Jacobs. Rapid Prototyping and Manufacturing, Soc. of 
Manufacturing Engineers, 19<>2, p. 270 ff.). 

The green strength Is determined by measuring the flexure) modulus 10 minutes and i hour 
after production of the test specimen (ASTM D 790). The flexure! modulus after curing is 
determined after the test specimen has been cured In UV light for 1 hour. 

The curt factor (CF) is used in stereoOthography In order to compare the shrinkage 
properties of different formulations (cf. P. Jacobs. Rapid Prototyping and Manufacturing. 
Soc. of Manufacturing Engineers. 1992. p. 256 ff.). The curl factors (in %) given In this 
application are determined on test specimens produced using the "ACES- structural design 
(cf. P. Jacobs. StereoUthography and other RP&M Technologies. Soc. of Manufacturing 
Engineers. 1996. p. 156 ff.) and with a layer thickness of 0.15 mm (6 mils). 

To determine the water uptake, test specimens are produced using the Muk* cast- 
structural design (cf. P. Jacobs. StereoKthography and other RP&M TeJmologtes. 1996. p. 
1 83 ff.) and after complete curing (60 minutes under UV light, 30 minutes at 1 00-C) are 
dried to constant weight in a desiccator. The samples are then stored at 62 and 88% 
atmospheric humidity. The water uptake Is determined by weighing the samples at regular 
intervals until constant weight Is reached, which is generally the case after no more than 7- 
1 4 days. In these examples, the water uptake after 14 days Is given. 
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Example 1 : 

a) The following components are used as Indicated above to produce a homogeneous Could 
composition: 

1 4.6 g of Af aldit DY 0395 
42.5 g of Araldit CY 179 
6.0 g of Novacure 37QO 
6.0 g of _SartgtrW399 
24.9 g of Dtano7320 
2.0 got Irgacure184 
4.0 g of Cyracure UVI 6974 
The viscosity of this mbrture Is 800 mPa a (cps) at 30°C. 

The slope of the "working curve" Is 0.124 mm (4.9 mils); the critical energy Be is 12^ a/cm 2 . 
The flexural modulus of the green model one hour after production in the stereolithography 
unit is 61 MPa, and after complete curing is 2360 MPa. 
The curl factor Is 8.5%. 

The water uptake of a quick-cast test specimen after 14 days at 62% rel. atmospheric 
humidity is 2.1%. and Is 4.4% after 14 days at 68% atmospheric humWity. 

b) A composition comprising the following components: 
20.0 g of Araldit DY 0395 
1 5.0 g of Araldit DY 0396 
34.0 g of Araldit CY 1 79 

6-0 g of Btsphenol A diglycldyl dlacrytat e 

6.0 g of Sartomeii8044-- 
13.5 g of Dianol320 

1.5 g of Ingacure 164 

4.0 g of Cyracure UVI 6974 
shows properties comparable to those found for the composition described under a). 



E* 8 ™ 1 * 8 2 ^ 1716 natures are prepared as described above. Thefr compositions and 
physical properties can be taken from the table below. 
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